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Abstract 
This paper presents a computer-supported system for promoting exercise and building the standard scores of physical fitness tests 
for college students. This system will help a university to investigate and determine the health - related physical fitness norms for 
the health of the students at that university. The tests are based on the physical fitness tests of the Sports Authority of Thailand. In 
experiments, the system was deployed at King Mongkut's University of Technology North Bangkok (KMTNB). The data from 
the samples' self-reported health were recorded and analyzed. The descriptive statistics - means and standard deviations - showed 
the results of the tests and allowed the determination of the gender-based health-related physical fitness norms for the health of 
the student samples. The system was practically used with the large number of users and convenient for both students and their 
supervisors. The results also revealed KMUTNB students today lack of exercise when the physical fitness of the students at 
KMUTNB was compared with that of the general population. 
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1. Introduction 
People with a good physical fitness are the goal of any healthcare sectors. The condition of being fit is depended 
on cardio-respiratory endurance, muscular strength, muscular endurance, body composition and flexibility [1]. This 
set of five components relates to the individual ability to perform physical activity. If people can improve all five 
components, it equates to the improvement in health status and decease prevention [2]. 
Especially, young adults or youth (15-24 years old) with the optimal physical fitness tends to be better adjusted 
emotionally and have better academic records [2,3,4]. Youth-focused fitness systems mostly have the design to 
provide competitive or social comparison-based motivation [5]. With the competitive-based design, we are 
interested in the standard of physical fitness for youth in Thailand. The system will be designed to collect the 
physical fitness in five components in the college, analyze the data to create the standard of youth-focused physical 
fitness, and motivate college students to increase their physical activities and exercises for the better physical fitness.  
Mobile devices today not only provide computing and communications capabilities but are also equipped with 
many sensors that enable new applications across several domains, namely healthcare, environmental monitoring, 
social networks, and transportation.  In this paper, we will present the standardized test system on mobile devices 
and the standard of physical fitness of Thai college students.  
The structure of this paper is as follows: Section 2 presents a literature review of physical fitness test and 
computer-supported system in the healthcare domain, and Section 3 describes the proposed system for the physical 
fitness test. Section 4 presents the method of data collection and analysis and the experimental results. Finally, 
Section 5 draws some discussions and conclusions. 
2. Related works 
2.1. Health-related physical fitness test 
A majority of the studies related to the effect of physical exercise on disease prevention presented that 
improvements in physical fitness, especially cardiovascular endurance, frequently are equated with improvements in 
health status or disease prevention. A high level of physical fitness usually is associated with good health, but an 
improvement in fitness does not necessarily ensure an increase in resistance to disease or its consequences [2]. For 
example, patients with disorders such as emphysema or schizophrenia can significantly increase their physical 
fitness through exercise without necessarily changing the severity of their disease or their medical prognosis. 
Becoming more physically fit and improving health status are interrelated, but they are not synonymous. 
Physical activity may improve physical fitness (or one of its components) and clinical health status at the same 
time, but the improvement in health may be due to biologic changes different than those responsible for the 
improvement in physical fitness. For example, endurance training will increase aerobic capacity and may reduce the 
risk of coronary heart disease, but the biologic changes produced by the exercise responsible for these two benefits 
may not be the same: the increase in aerobic capacity is likely due to an increase in oxygen transport and utilization 
capacity, while a reduction in coronary heart disease risk may be the result of alterations in lipoprotein metabolism 
or fibrinolytic mechanisms such as blood-clotting [4]. Therefore, while the improvement in physical fitness and 
health may occur simultaneously during physical activity, the exercise-induced stimulus needed for each might be 
quite different. 
2.2. Computer-supported system in healthcare domain 
In health domain, the implementation of comprehensive information systems has many more failure stories to tell 
than there are success stories—and the more comprehensive the technology, or the wider the span of the 
implementation, the more difficult it appears to achieve success [7]. The main reason is from the organization and 
the technology. The organization is affected by the coming of the new technology, but the technology is in its turn 
inevitably affected by the specific organizational dynamics of which it becomes a part. However, for the computer-
supported systems or tools have been emerged increasingly in the mobile platform and web-based applications. 
Most of them have targeted to school kids and youth such as the following system and application:  
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"StepSteam [6]" is a computer-supported system for improving the attitudes of students about fitness and 
increasing their sense of social support for fitness.  The system was deployed in US middle school for four weeks to 
42 students. During the experiment, students wore wireless pedometers daily, accessed the system’s website from 
home and at school, and met weekly at the school to use the website and socialize with each other. The system 
showed that the least active students also increased their daily activity. The strategy of the system shows the 
potential for social computing systems to positively influence offline health behaviors in real-world settings..  
"Fitness Tour [9]" is one of the mobile applications in healthcare domain which aims at promoting physical 
activities.  Its goal is to encourage children and college students to adopt more active lifestyles and hence combat the 
obesity problem. The application is based on Android operating system and its features are: (a) randomly generated 
exercise tours, (b) secure verification of any completed tour, and (c) social network interface that allows 
participating users to invite friends to view their records or participate in self-organized group competitions. This 
grouping feature allows users to exert social pressure on one another to adopt healthier lifestyle via outdoor physical 
activities.  
3. Proposed system for physical fitness test 
Table 1. THPF-based test on physical fitness. 
Health-related physical fitness 
Components Activities 
Directions 
Body composition Body Mass Index (BMI) 
 
Divide body mass in kilograms by the square of 
height in meters. 
Waist to Hip Ratio (WHR) Measure the narrowest part of torso and their 
widest part of hip. Divide the waist 
circumference with the hip circumference. 
Body flexibility Sit and reach 
 
 
 
 
Sit on floor with shoes off. Place bottom of feet 
(about 30 centimeters apart) with knees 
straight. Places hand over hand and reach as far 
as possible over measuring stick without 
bending knees. 
Shoulder girdle flexibility (right-hand up) 
 
 
 
Place right arm over your shoulder with your 
elbow sticking to the air. Now with your left 
hand, reach towards the back and try to touch 
the right hand. 
Shoulder girdle flexibility (left-hand up) 
 
Place left arm over your shoulder with your 
elbow sticking to the air. Now with your right 
hand, reach towards the back and try to touch 
the right hand. 
Muscular strength and endurance Abdominal curls 1 min 
 
 
 
 
 
Lie face up on a mat with your back straight 
and knees bent to 90 degrees. Place your arms 
parallel to your body. 
Try to raise your head and shoulders as well as 
move your hand forward by 3 inches. Repeat it 
for 1 minute. 
Push-up 1 min Lie prone on floor with hands slightly wider 
than shoulder width. Raise body up off floor by 
extending arms with body straight. Keeping 
body straight, lower body to floor by bending 
arms. Push body up until arms are extended. 
Repeat it for 1 minute. 
Cardio-respiratory Step-up 3 min Stand in front of a step, a box with a height of 
30 centimeters, legs and arms straight. Start 
with one foot up on the box and the other 
placed on the floor. Push up and alternately step 
onto the step keeping a soft bend in both knees 
throughout. Repeat it for 1 minute. 
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Fig. 1. Standardized test system for health-related physical fitness. 
Our proposed test system is based on the health-related physical fitness of Thai Health Promotion Foundation 
(THPF). It will reflect the health status of people in all five components as shown in Table 1. Table 1 shows the 
activities and their directions for all five components.  
The system is developed on the mobile-based platform that is more convenient for people to access via mobile 
devices. The types of users are "student" and "supervisor" that play different roles and authorization in database 
access. The "student" type can only update their personal test records but the "supervisor" type has a role to approve 
the student's fitness test score to update in the main database "standard of physical fitness". The system architecture 
is shown in Figure 1. 
In the system, students will be allowed to repeat the test until they are satisfied with their best score. The standard 
of physical fitness test scores will be updated if and only if the supervisor of their students gives approval as shown 
in Figure 1.  
When logging in the system as a student, the system has two menus: (1) Perform the physical fitness test and (2) 
Query the history of personal records. When choosing the menu (1), a new personal record will be updated 
immediately after finishing each activity. The best personal record will be updated whenever the mobile application 
connects the Internet. When choosing the menu (2), the system will present the history of personal records and their 
position comparing with those of the others. 
When logging in the system as a supervisor, the system will show the waiting list for approval of test scores. The 
supervisor has to make a decision for approval. The system was designed for two scenarios: (1) a supervisor is with 
a student who is performing the physical fitness test, and (2) a student performs the test by oneself and self-report.  
It is obvious for the first scenario that the supervisor can make a decision for approval. For the second scenario, the 
system will allow a student to upload a set of video clips as evidence. 
The graphical user interface of this system is based on Android operating system. The application will run both 
online and offline mode. The online mode is essential for synchronization with the database of the standard of 
physical fitness (as shown in Figure 1). Figure 2 shows two interfaces: the left side is the interface while a student 
perform the physical fitness test, and the other side is the graphical presentation of the physical fitness scores of a 
student. 
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Fig. 2. Graphical user interface of the proposed system. 
3.1. Data collection 
Survey research was conducted in the current study. We draw participants from King Mongkut's University of 
Technology North Bangkok (KMUTNB) who enrolled in the semester 2/2013. We also described the research 
objectives and methods to the supervisors of students. The login and passwords for the system are provided for the 
participants. The physical fitness scores were inputted by students and approved by their supervisors.   
 
Table 2. THPF-based test on physical fitness. 
Process Description 
Material We adopted the test of physical fitness of THPF. 
 
Participants There were 634 college students who consented to participate in this study. The number of female and 
male is 319 and 315, respectively. The range of their age is between 19 and 22. 
 
Procedure Students perform the test of physical fitness and record the following data: 
1) Weight (kg) and height (cm), and waist (cm) and hip (cm) 
2) Distance in cm of "sit and reach" 
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3) Distance in cm of "shoulder girdle flexibility" (right-hand up) 
4) Distance in cm of "shoulder girdle flexibility" (left-hand up) 
5) Number of "abdominal curls" in 1 minute  
6) Number of "push-ups" in 1 minute  
7) Heart beats after "step-ups" 3 minutes 
Students can repeat the test within one month and select their best record for updating the standard of 
physical fitness. 
3.2. Data analysis 
The data analysis was conducted by using the following measurements: 
 
1. Mean and SD of the collected data. 
2. Standard score (commonly referred to as a z-score) is used for building the standard score of physical fitness. 
Table 3 
 
Table 3. Grade and range of scores of the standardized physical fitness scores. 
Grade Range of scores 
for Body composition and Cardio-respiratory  for Body flexibility and Muscular strength and endurance 
Excellent Greater than ത ൅   Less than ത െ  
Good ത ൅ ͲǤͷ  ത ൅  ത െ   ത െ ͲǤͷ 
Satisfactory ത െ ͲǤͷ  ത ൅ ͲǤͷ ത െ ͲǤͷ  ത ൅ ͲǤͷ 
Sufficient ത െ   ത െ ͲǤͷ ത ൅ ͲǤͷ  ത ൅  
Insufficient Less than ത െ  Greater than ത ൅   
4. Experimental results 
4.1. Statistical descriptions 
Among 634 participants, participants were both male and female and their age were averaged at 20.0 and SD 
about 1.0. For the detailed descriptive statistics, the number and percentage are shown in Table 4 while mean and 
SD are shown in Table 5. 
 
Table 4. Number and percentage of the data. 
Descriptions Students number (N) =634 Descriptions Students number (N) =634 
Number Percent Number Percent 
Gender 
x Male 
x Female 
 
315 
319 
 
49.8 
50.32 
Body weight for female 
(kilograms) 
x < 48 
x 48-59 
x >59 
 
 
96 
156 
67 
 
 
30.10 
48.90 
21.00 
Age  (years old) 
x 19  
x 20  
x 21  
x 22  
 
129 
291 
158 
56 
 
20.35 
45.90 
24.92 
8.83 
Body height for male 
(centimeters) 
x <169 
x 169-176 
x >176 
 
 
60 
169 
86 
 
 
19.05 
53.65 
27.30 
Body weight for male 
(kilograms) 
x < 60 
x 60-75 
x >75 
 
 
93 
157 
65 
 
 
29.52 
49.85 
20.65 
Body height for female 
(centimeters) 
x <157 
x 157-162 
x >162 
 
 
89 
136 
94 
 
 
27.90 
42.63 
29.47 
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Table 5. Mean and SD of the data. 
Tests Male Female 
Mean SD Mean SD 
BMI 22.64 4.78 20.94 3.93 
WHR 0.86 0.10 0.77 0.06 
Dist. (cm) reached by 
the tip of the fingers 
18.41 4.23 18.23 5.04 
Dist. (cm) between the 
middle fingers*. (Right 
hand over the shoulder) 
5.92 6.05 7.58 4.74 
Dist. (cm) between the 
middle fingers. (Left 
hand over the shoulder) 
1.45 7.97 4.31 6.10 
Dist. (inch) reached by 
the tip of the fingers 
18.41 4.23 18.23 5.04 
# of ab. curls 38.58 11.08 27.27 8.56 
# of push-ups 28.66 11.93 23.50 9.89 
Heart beats after step-
ups 
120.60 20.34 122.81 14.57 
*Note that the distance will be positive number if two middle fingers are overlapping, the negative number if one middle finger cannot reach the 
other, and  zero number if one middle finger just touches the other. 
4.2. Standard score of physical fitness 
After obtaining mean and SD of the data, we used the calculation table in Table 3 for building the standard of 
physical fitness is shown in Table 6-7. Table 6 is for male while Table 7 is for female. 
 
Table 6. Standard scores of five components for male. 
Five components Activities Standard scores 
Excellent Good Satisfactory Sufficient Insufficient 
Body composition BMI <18.0 18.0-19.9 20.0-24.9 25.0-27.0 >27.0 
WHR <0.75 0.75-0.81 0.82-0.90 0.91-0.95 >0.95 
Body flexibility Sit and reach >23 21-23 16-20 14-15 <14 
Overhead tricep stretches 
(right hand) 
>12.0 9.0-12.0 3.0-8.9 0.0-2.9 <0.0 
Overhead tricep stretches  
(left hand) 
>9.0 5.0-9.0 -3.0 to 4.9 -7.0 to -3.1 <-7.0 
Muscular strength 
and endurance 
Abdominal curls 1 min >49 44-49 33-43 28-32 <28 
Push-up 1 min >38 33-38 23-32 18-22 <18 
Cardio-respiratory  Step-up 3 min <109 109-116 115-130 131-137 >137 
 
Table 7. Standard scores of five components for female. 
Five components Activities Standard scores 
Excellent Good Satisfactory Sufficient Insufficient 
Body composition BMI <17.0 17.0-22.9 23.0-24.9 25.0-27.0 >27.0 
WHR <0.71 0.71-0.74 0.75-0.80 0.81-0.83 >0.83 
Body flexibility Sit and reach >23 21-23 16-20 13-15 <13 
Overhead tricep stretches 
(right hand) 
>12.0 10.0-12.0 5.0-9.9 3.0-4.9 <3.0 
Overhead tricep stretches  
(left hand) 
>10.0 7.0-10.0 1.0-6.9 -2.0 to 0.9 <-2.0 
Muscular strength 
and endurance 
Abdominal curls 1 min >36 32-36 23-31 19-22 <19 
Push-up 1 min >25 22-25 15-21 11-14 <11 
Cardio-respiratory  Step-up 3 min <116 116-121 120-133 132-138 >138 
5. Conclusions and discussions  
The purpose of this research is to examine the physical fitness of college students and build the standard scores of 
physical fitness for Thai youth. We developed the test system to let students perform their fitness test and collect the 
students' test scores. The system was practically used with the large number of users and convenient for both 
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students and their supervisors. The benefits of this system are to promote the physical exercises by pushing the 
students in a competitive atmosphere. 
The results revealed the following aspects when the physical fitness of the students at KMUTNB was compared 
with that of the general population aged between 18-29 years old [10]: 
 
1. For body composition, the average fitness of the male students with regards to both BMI and WHR was higher 
than that of the general population. In contrast, the average BMI of female students was lower, while the average 
WHR were higher than those of the general population.  
2. Regarding their flexibility seen through the sit-and-reach and shoulder girdle flexibility tests, the average norms 
for both male and female students were higher on the sit-and-reach test and the right-hand-up shoulder girdle 
flexibility test compared to those of the general population. In terms of the left-hand-up shoulder girdle flexibility 
test, the male students' average was equal to that of the general population while that of the female students was 
higher.  
3. Regarding muscle strength and endurance using one-minute sit-ups and one-minute push-ups, the average norms 
of both male and female students were lower than those of the general population. 
4. Finally, for cardiovascular endurance through a three-minute step test, the average fitness of both male and 
female students was higher than that of the general population. 
 
With our proposed system, we can systematically collect and analyze the data of physical fitness tests. This 
system can be applied to other schools, universities, and organizations. The results from this system will present the 
health-related physical fitness of their people. For example, this study found that KMUTNB students today lack of 
exercise, resulting in lower physical fitness than those of the general population. It is recommended that students 
need encouraging to exercise and take care of their health.  
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